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CHAPTER 1
SUMMARY

A. INTRODUCTION

Johnson County Wastewater contracted George Butler Associates, Inc. to conduct a Sanitary
Sewer System Evaluation of sewers owned by Kansas City, Missouri that are located within
the City of Mission Hills. The project is intended to identify system defects that require
repair.

The study area includes thirty-four (34) line segments and associated tributary properties
located within the City of Mission Hills, Kansas. The line segments represent those currently
owned and maintained by the City of Kansas City, Missouri (KCMO). However, excluded
from this project is the main interceptor line owned by KCMO that follows Mission Drive
thru the City of Mission Hills. The study area is shown in Figure 1.

A pipe and manhole inspection project for all of the City of Mission Hills was completed by
The Larkin Group in 2001. Repairs to the manholes and pipes not included in this project
were designed by GBA in 2002, and construction is complete. Sources of storm water
identified on private property during previous building inspections completed by GBA were
recommended for removal, and with few exceptions, are known to have been re-routed to the
storm system. This project is intended to address the part of the sanitary sewer system
owned and maintained by the City of Kansas City within the City of Mission Hills using
previous inspection information where available, and additional inspection work necessary,
as described further in this report.

B. PURPOSE AND SCOPE
The purpose of this project is as follows:

» Reduce wet weather capacity problems.

> Identify Inflow and Infiltration (I/I) sources. (Inflow is surface rainwater entering the
system. Infiltration is groundwater entering the system. Both sources increase flows
and overload the sanitary system during rainfall events.)

> Identify needed sanitary sewer main line and manhole structural repairs.
The following tasks were completed to achieve the goals listed above:
1. Manbhole Inspections and Line Lamping

There are thirty-two (32) manholes in the system. These manholes were inspected in
2001 as part of a study completed by The Larkin Group. In order to review the

George Butler Associates, Inc. Page 1



CHAPTER 1 SUMMARY

recommendations for manhole repairs, ten (10) internal manhole and lamping inspections
were completed and compared to 2001 inspection results obtained in the 2001 Larkin
SSES study.

2. Review Television Inspection Tapes
Twenty-nine (29) segments were reviewed from television inspection tapes produced by
JCW collection system staff in December 2002. Four (4) segments were not included in
the television inspection tapes GBA reviewed. One of these segments was lamped for
defects and recommendations made based on the length seen. Another line was not
accessible due to a locked gate, but the upstream manhole was previously flow monitored
and no defects were noted at that time (the downstream manhole is located across State
Line Road outside of the study area). The other two line segments appear to be
abandoned.

3. Smoke Testing
Smoke testing was completed on all thirty-four (34) segments to determine approximate
locations where storm water is entering the system.

4. Building Inspections
Building inspections were attempted for sixty-seven (67) buildings and completed for
fifty-six (56) buildings. External inspections were completed when the resident was not
home, except where access was not available.

S. Dyed-Water Testing
Dyed-water testing was attempted for 203 sources including fifteen (15) public sources
identified during smoke testing and 188 sources identified during building inspections.

6. System Plan and Recommendations
A system plan with recommendations was developed and is presented in this report.

George Butler Associates, Inc. Page 2
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CHAPTER 2
FIELD INSPECTIONS

A. MANHOLE INSPECTION AND LINE LAMPING

Manhole inspections are completed to gather information on manhole structure condition,
pipe condition as far as visible, and invert elevation and pipe size information for use in
determining system capacity. All manholes in a project are inspected, if found, since the
manholes are the most visible part of the sanitary sewer system and can provide valuable
information about the system.

Manbhole inspection ratings are useful in selecting manholes for repair. During a manhole
inspection all components of a manhole are observed and any evidence of non-sanitary flow
is given a rating of one, two, or three. Similarly all defects are given a severity rating of one,
two or three and a density code between of one, two, three, or four. The defects are assigned
by component and categorized as broken, corroded, or a root intrusion. Flow and defect
ratings are used to determine manholes to recommend for repair. Ratings of one are
considered minor and not recommended for repair, but indicate the beginning of problems
which should be monitored for additional deterioration in the future. Ratings of two or three
are considered moderate to severe and are recommended for rehabilitation. If the condition
of the manhole is so severe that immediate repair is necessary, the manhole is reported to the
field supervisor who then notifies the client and an emergency repair can be made.

Manhole inspections for the 32 manholes in the study area were previously completed by The
Larkin Group in 2001 as part of an inspection project covering all of the City of Mission
Hills. To establish a comfort level in utilizing the Larkin data to make manhole
recommendations for this report, ten (10) manholes were re-inspected and lamped to
compare the inspection results previously completed by Larkin.

GBA inspectors typically recorded higher flow ratings and more structural defects than The
Larkin Group.

The ten (10) manholes re-inspected by GBA contained multiple moderate to severe defects
and are highly recommended for repair. Consistent between the different inspections is the
types of defects found. A table listing defective manhole components and general costs to
repair the component are included in Appendix B-1. Since other factors are involved in the
cost of manhole rehabilitation, such as surface restoration, start-up costs, and different
rehabilitation methods, it is recommended that all manholes be evaluated by an experienced
designer to determine the best approach for each manhole and the overall system.

Based on the GBA inspections and the remaining Larkin inspections, a projected repair
schedule was developed for the thirty-two (32) manholes. The preliminary manhole repair
schedule is included in Appendix B-1. All manholes recommended for repair should be re-
visited to develop the most appropriate overall rehabilitation plan for each structure.

George Butler Associates, Inc. Page 4



CHAPTER 2 FIELD INSPECTIONS

All manholes inspected by GBA were found to need some type of repair. The most common
defects involved vented manhole covers, frame seal defects and heavy infiltration from brick
manhole walls. Typical locations of manhole I/I sources are shown in Figure 2. Actual
observed defects are presented in Figure 3. Results for the sample ten (10) manhole
inspections can be found in Table 1 and Table 2. All manhole recommendations can be
found in the Manhole Rehabilitation Schedule in Appendix B-1.

Four manholes will need complete inspection to obtain elevation information and finish
rehabilitation recommendations. Manhole 17-1 was buried and will require being raised to
grade and inspected before additional recommendations can be made. Two additional
manholes were found during television inspection and recommended for rehabilitation based
on visible defects but require inspection to complete recommendations. Manhole 6-22 was
replaced after the 2001 inspection, so the current condition is unknown.

Additionally, GBA is recommending four (4) new manholes be added to the system to assist
with maintenance. New manholes are to replace lamp holes located at the upstream end of a
segment, to keep segments at 400 feet in length or less, or provide access at locations where
flow direction or slope changes occur

George Butler Associates, Inc. Page 5
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PHOTOGRAPHIC

FIGURE 3

RECORD SHEET GEORGE BUTLER ASSOCIATES, INC.

ENGINFFRS & ARCHITECTS

CLIENT: Johnson County Wastewater
PROJECT: Mission Hills Selected Sewers

Manhole: 9-7
Defect: Pipe Seal

Description: Severe
pipe seal defect.
Heavy dyed-water
entered around pipe
during main line dyed
water test upstream.

Manbheole: 14-3

Defect: Grade
Adjustment

Description: Severe
grade adjustment
defect. This manhole
is located in a grassy
median a few feet
from a storm ditch.




CHAPTER 2

FIELD INSPECTIONS

Table 1 - Manhole I/I Sources

Larkin I‘I GBA

I/I Flow Ratings I/T Flow Ratings
Source 1 2 3 Total | 1 2 3 Total
Cover 1 0 0 1 q 7 2 0 9
Frame 1 0 0 1 1 2 1 0 3
Frame Seal 10 0 0 10 3 3 3 9
Grade Adjustment 6 0 0 6 3 3 1 7
Cone 3 1 1 5 2 4 2 8
Wall 7 2 1 10 0 5 3 8
Bench 4 1 0 5 1 1 0 2
Trough 1 0 0 1 1 0 0 1
Total 33 4 2 39 9 19 9 47
Notes:
(1) Results are for 10 manholes inspected for verification of Larkin SSES study 2001.

George Butler Associates, Inc.
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CHAPTER 2 FIELD INSPECTIONS

Table 2 - Manhole Structural Component Defects

Larkin GBA
Manhole Total Total
Component Broken Corrosion Defects Broken Corrosion  Defects
Cover 0 0 0 0 0 0
Frame 0 2 2 1 2 3
Frame Seal 1 1 2 5 0 5
Grade Adjustment 0 0 0 6 3 9
Cone 1 0 1 4 1 5
Wall 0 0 0 5 0 5
Bench 1 0 1 2 1 3
Trough 0 0 0 4 1 5
Total 6 35
Notes:

(1) Results are for 10 manholes inspected for verification of Larkin SSES study 2001.

B. TELEVISION INSPECTION

Approximately 6,000 feet of sewer pipe was televised to identify infiltration sources,
structural defects, and hydraulic defects.

Television inspection was performed by Johnson County Wastewater (JCW) in 2002 using a
video camera that crawled through the sewer line. During the inspection, the view from the
camera was observed from the inspection vehicle where the camera operator controlled the
camera angle to record the location of all service connections and possible defects. A
videotape of the sewer line was prepared which included the position of the camera relative
to the starting manhole. A typical inspection setup is shown in Figure 4. Table 3 and Table
4 summarize the identified pipe defects.

Many of the line segments inspected had moderate to severe defects including broken pipe
and roots. Twenty-three (23) of the thirty-four (34) line segments need repair. Twenty (20)
of the segments require lining with four (4) segments requiring a structural point repair prior
to lining. Three (3) segments require full replacement. A list with all recommended repairs
is shown in Appendix B-2.

George Butler Associates, Inc. Page 9
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CHAPTER 2 FIELD INSPECTIONS

Table 3 - Television Inspection Summary

Rating

(Light.....Moderate.....Heavy) % of Total
Observation 1 2 3 4 5 Total ¥ Observations
Active Infiltration® - - - - - 1 0.22%
Deposition @ - - - - 1 0.22%
New Manhole @ - - - e 1 0.22%
Unmapped Manhole @ - - - - - 2 0.44%
Other > - - - - - 25 5.49%
Break-in Connection 9 2 4 0 0 15 3.30%
Broken Pipe 2 2 28 45 5 82 18.02%
Crack - Horizontal 1 9 14 1 0 25 5.49%
Crack - Radial 4 9 3 0 0 16 3.52%
Extended Tap 5 1 1 0 0 7 1.54%
Gapped Joint 0 0 0 1 0 1 0.22%
Offset 0 1 14 5 0 20 4.40%
Roots 56 94 16 4 1 171 37.58%
Sag 1 1 4 2 0 8 1.76%
Scaling 5 8 7 1 0 21 4.62%
Wye Service 50 5 4 0 0 59 12.97%
Total 455 100.00%
Notes

(1) A single line segment may have multiple defect observations.
(2) Other includes location of additional observations including changes in pipe material.
(3) Observed not rated.

George Butler Associates, Inc. Page 11



CHAPTER 2 FIELD INSPECTIONS

Table 4 - Television Infiltration Summary

Total
Unit Flow Infiltration

Observation Rating _ Unis®  (GPM)  (GPM)
Break-in Conn 3 4 0.001 0.004
Break-in Conn 4 0 0.020 0.000
Break-in Conn 5 0 0.075 0.000
Broken Pipe 1 2 0.020 0.040
Broken Pipe 2 2 0.030 0.060
Broken Pipe 3 28 0.040 1.120
Broken Pipe 4 45 0.050 2.250
Broken Pipe 5 5 0.075 0.375
Crack - Horizontal 1 1 0.001 0.001
Crack - Horizontal 2 9 0.002 0.018
Crack - Horizontal 3 14 0.004 0.056
Crack - Horizontal 4 1 0.008 0.008
Crack - Horizontal 5 0 0.016 0.000
Crack - Radial 1 4 0.001 0.004
Crack - Radial 2 9 0.002 0.018
Crack - Radial 3 3 0.004 0.012
Crack - Radial 4 0 0.008 0.000
Crack - Radial 5 0 0.016 0.000
Extended Tap 3 1 0.002 0.002
Extended Tap 4 0 0.020 0.000
Extended Tap 5 0 0.075 0.000
Gapped Joint 3 0 0.040 0.000
Gapped Joint 4 1 0.050 0.050
Gapped Joint 5 0 0.075 0.000
Infiltration 4 1 1.000 1.000
Offset 3 14 0.040 0.560
Offset 4 5 0.050 0.250
Offset 5 0 0.075 0.000
Roots 1 56 0.001 0.056
Roots 2 96 0.002 0.192
Roots 3 16 0.004 0.064
Roots 4 4 0.008 0.032
Roots 5 1 0.016 0.016
Total 322 6.188
Notes

(1) Infiltration is observed.
(2) A single line segment may have multiple defect observations.

George Butler Associates, Inc. Page 12



CHAPTER 2 FIELD INSPECTIONS

C. BUILDING INSPECTIONS

Private sector building inspections were conducted to locate interior and exterior storm water
connections to the sanitary sewer system. Older buildings often used the sanitary sewer
system to drain excess storm water away from the building foundation. During building
inspections all visible drains are located and discharge locations determined. If no discharge
can be determined during the building inspection the source is noted as a suspect source.
Suspect basement foundation drains were tested to locate a discharge location during the
building inspection to avoid an additional visit requiring the building owners time. Suspect
exterior sources were later dyed-water tested to determine the actual discharge location.

A total of sixty-seven (67) building inspections were attempted. Three attempts were made
to catch the resident at home for inspections. A total of fifty-six (56) inspections were
completed with information from the resident and basement access. Nine (9) external
inspections were completed on buildings where the resident was not home and did not
respond to requests for an appointment. External inspections could not be completed on two
(2) buildings when the resident was not home due to access limitations.

Three (3) sump pumps were determined to be connected to the sanitary sewer system. A
total of 188 suspect exterior sources were identified during building inspections and later
dyed-water tested to confirm discharge locations. A summary of the building inspection
findings is provided in Table 5.

Private sector sources recommended for removal are listed in Appendix A-1. Private sector
sources that could not be tested are shown in Appendix A-2.

George Butler Associates, Inc. Page 13



CHAPTER 2 FIELD INSPECTIONS

Table 5 - Building Inspection Summary

Suspect (Completed Dyed-Water Test)

Source Cannot Test Negative Positive Total
External

Area Drain 2 12 0 14

Downspout 47 113 2 162

Driveway Drain 0 7 2 9

Stairwell Drain ® 0 2 1 3

Window Well Drain 0 1 0 1

49 135 5 189

Internal

Sump Pump Connection @ 10 3 13
Totals 59 135 8 202
Notes:
(1) Thirteen additional sump pump and sump pit discharge locations

were unable to be determined due to lack of access.
(2) Includes 4 sump pump/pit connections and 1 stairwell drain identified in 2002 inspections completed

by GBA, but not included in the private removal recommendations since residence was determined to

be served by KCMO sewers.

George Butler Associates, Inc. Page 14



External Building Inflow Sources
X Indicates Inflow

TG
Z '//‘43//\.//}/&, o
: N e

7
NN AN RN
PRI

Ground Water Table

] ] Selected Sewers
Mission Hills, Kansas

)
N
CRRRA
B AN

x Suspect
Driveway Drain

FIGURE 5

TYPICAL INFLOW SOURCES
FOUND DURING BUILDING INSPECTION

GBA

GEORGE BUTLER ASSOCIATES, INC.




CHAPTER 2 FIELD INSPECTIONS

D. SMOKE TESTING

Smoke testing is an effective method for identifying and quantifying private and public
inflow sources as well as identifying locations of buried or not-found manholes.

Smoke testing is performed on single sewer segments by restricting airflow at the upstream
and downstream manholes while introducing a non-toxic smoke into the collection system by
means of liquid smoke. The smoke is forced through the system with a gas-powered blower.
The smoke exits the system at locations where rainfall or groundwater could enter the
system. A three-person crew visually inspects all areas directly tributary to the line segment.
A source was considered positive if the smoke was observed in the area of the line segment
being tested.

The crew completes a smoke testing form including detailed sketches of positive source and
suspect source locations. Photographs were taken as documentation of confirmed sources.
Typical defects identified during smoke testing are shown in Figure 6. Figure 7 shows a
sample of the types of sources found during smoke testing. A summary of the smoke testing
results are shown in Table 6.

Smoke testing was conducted on approximately 6,000 feet of sanitary sewer pipe in the study
area.

Dyed-water testing was performed when possible to determine if large sources, including
catch basins, were routed to the sanitary sewer system or if flow was escaping thru defects in
the storm system and entering thru defects in the sanitary system. No public storm pipe was
found to be routed to the sanitary sewer system, but an alarming amount of storm flow was
confirmed to be entering the sanitary sewer system. Additional summarization for each
public source identified to be indirectly connected to the sanitary sewer system is included in
Appendix C.

George Butler Associates, Inc. Page 16



CHAPTER 2 FIELD INSPECTIONS

Table 6 - Smoke Testing Summary

Source Positive

Private
Area Drain
Driveway Drain
Service Lateral
Service Lateral (in storm ditch)

— OO0 et et

Public
Area Drain
Catch Basin
Main Sewer
Storm Ditch
Storm Manhole
US Manbhole
New Manhole
Flood Gate in Manhole

:)»—a

— = N W W W

Total 41

George Butler Associates, Inc. Page 17
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PHOTOGRAPHIC FIGURE 7
RECORD SHEET GEORGE BUTLER ASSOCIATES, INC.

ENGINFERS & ARCHITECTS

CLIENT: Johnson County Wastewater
PROJECT: Mission Hills Selected Sewers

Segment: 17-1 to 17-2

Description:

Smoking Catch Basin.
Dyed-water test was
not completed because
the only hydrants
located nearby are on
KCMO water. The
dyed-water test results
are included in
Appendix C.

Segment: 14-3 to 18-5

Description: Heavy
smoke from storm
ditch. Indirect
connection with light
dye observed but
crews were unable to
simulate storm
conditions.




CHAPTER 2 FIELD INSPECTIONS

E. DYED-WATER TESTING

GBA field inspectors conducted dyed-water tests on suspect inflow sources for the following
reasons:

> Determine if suspect sources identified during building inspections were connected to
the sanitary sewer system.

» Determine if storm sewer catch basins identified as positive sources during smoke
testing were routed to the sanitary sewer or if the positive smoke test was due to a
combination of defects in the sanitary and storm systems.

Suspect sources were tested by introducing dyed-water into the source. A source is
considered positive if the dye is observed in the downstream sewer manhole. Typically, one
half hour was allowed for a source to activate. Inspection photographs were used to
document positive I/ sources.

Identified sources in the private sector included driveway drains and downspouts that were
confirmed to be positive. Public dyed-water test results indicated the positive smoke results
were caused by defects within the storm and sanitary systems, not direct routing. Table 7
summarizes the results of the dyed-water testing. The outcome of the dyed-water tests
conducted on private sources is included with the building inspection summary on Page 14.
A more thorough account of public dyed-water test results including observations and
recommendations for each site, can be found in Appendix C. Private sources identified by
dyed-water testing are included in Appendix A-1.

A number of suspect sources could not be tested due to access, clogged piping and water
availability. The private suspect sources and the reasons they could not be tested are listed in
Appendix A-2.
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CHAPTER 2 FIELD INSPECTIONS

Table 7 — Dyed-Water Test Summary

Attempted Positive Negative  Cannot Test
Private Sources " 188 4 135 49
Public Sources @ 15 7 1 7
Total 203 11 136 56

Notes:
(1) Private sources were identified during building inspections

(2) Public sources were identified during smoke testing.

F. I/1 SOURCE DISTRIBUTION

A summary of the positive sources identified by the previously described testing is shown in
Table 8.
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CHAPTER 2 FIELD INSPECTIONS

Table 8 - I/I Source Distribution

Average © Total %
1-Year 1-Year of
# of Inflow Inflow Identified
Source Sources (gpm) (gpm) Flow
Private
Area Drain 1 11.59 11.59 0.48%
Driveway Drain 2 14.17 28.33 1.17%
Stairwell Drain 1 0.39 0.39 0.02%
Downspout 2 20.61 41.21 1.70%
Service Lateral 8 3.00 24.00 0.99%
Sump Pump Connection 3 9.00 27.00 1.11%
Service Lateral (in storm ditch) 1 178.53 178.53 7.36%
Public
Area Drain 1 12.36 12.36 0.51%
Catch Basin © 12 11325  1,359.00  56.04%
Main Sewer 5 440 22.00 0.91%
Storm Ditch @ 5 128.60 643.00  26.51%
US Manhole 2 1.50 2.99 0.12%
Manhole Defects ¥ 138 0.54 74.72 3.08%
Totals 181 2,425.12 100.00%
Notes:

(1) One driveway drain was positve, but was redirected to new sump with
external discharge on 1/28/05.
(2) Storm ditch flows estimated.
(3) No direct catch basin connections have been found. Flows are estimated.
(4) Manhole flows are based on manhole inspections completed by The Larkin Group.
(5) Average 1-Year Inflow = Total Inflow / # of Sources.
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CHAPTER 3
CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

1. Manhole Inspections and Line Lamping
Generally the manhole inspections conducted by GBA concluded that most manholes
need repair. The ten inspections completed by GBA identified six (6) times as many
component defects than the inspections completed by The Larkin Group on the same ten
manholes. Based on the findings of the ten (10) manholes inspected by GBA, it appears
that all thirty-two (32) manholes may require repair and should be revisited during
design.

2. Review Television Inspection Tapes
Generally the main lines televised were found to have broken pipe and roots. One
segment not included on the television inspection tapes was lamped to determine defects.
Twenty-three (23) of thirty-four (34) line segments are recommended for repair based on
television tape review or line lamping. A few locations have a directional bend in the
pipe. The new alignment from manhole 1-14 to manhole 3-4 has a significant bend
(close to 90 degrees) between manholes. A new manhole is recommended at the location
of the bend.

3. Smoke Testing
Smoke testing was completed on all thirty-four (34) segments identifying forty-one (41)
sewer line defects and other sources. Many of the sources were located in or near storm
channels and have the potential to allow high amounts of I/I to enter the sanitary sewer
system. One such area included the main sewer line located between State Line Road
and Mission Road. The five (5) pipe segments on Brookwood Road are located next to a
storm ditch and had heavy and extensive smoke suggesting numerous leaks along the
main sewer line. Television inspection confirmed roots at numerous joints as well as
some areas of broken pipe where infiltration could enter the sanitary sewer system.

4. Building Inspections
Building inspections were attempted for 67 buildings and completed for 56 buildings
resulting in the identification of three (3) sump pumps discharging to the sanitary sewer
and four (4) external sources. Several locations were difficult to inspect due to finished
basements. Also, several locations had newly installed storm lines provided by the City
of Mission Hills, for the residents to connect private storm water discharges. There were
several instances where homeowners had taken advantage of the new storm lines.
Sources typically identified in older neighborhoods, may have been re-routed to the new
storm system in recent years.
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CHAPTER 3 CONCLUSIONS AND RECOMMENDATIONS

B. RECOMMENDED PLAN

The recommended plan for the Selected Sewers in Mission Hills is shown in Table 9 and
Figure 8 and includes the following recommendations:

1. Manhole Rehabilitation
All manholes are expected to require some rehabilitation and are recommended for
review prior to design to determine the type of repair required. The completed
preliminary manhole recommendations are included in Appendix B-1.

2. Pipe Segment Rehabilitation
Recommended line segment rehabilitation is based on the television inspection tapes
completed by JCW in December 2002 and should be checked against any repairs
completed by KCMO in the last two years. The television inspection results for each
segment along with recommended repair are shown in Appendix B-2.

3. Public and Private Inflow Source Removal
Private and public inflow sources recommended for removal are listed in Appendix A.
Additional public inflow source recommendations are included in Appendix C.

4. Additional Television Inspection
Additional television inspection is recommended for segments recommended for CIPP
where the television inspection was not completed due to removable obstructions like
roots or debris. Lines recommended for additional television inspection are included in
the table in Appendix C.

5. Additional Manhole Inspections
Buried manholes are recommended for inspection after they have been located and
uncovered. Also recommended for inspection are new manholes found during television
inspection and manholes replaced by KCMO since The Larkin Group completed
inspections in 2001. Any additional inspections may result in additional
recommendations to the table in Appendix B-1.

6. Disconnect Abandoned Sewers
Confirm that all services along abandoned sewers are inactive. Disconnect abandoned
lines and manholes from the sanitary sewer system. Lines recommended to be
abandoned are included in the Additional Investigations table in Appendix C.
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CHAPTER 3 CONCLUSIONS AND RECOMMENDATIONS

7. Notify the City of Mission Hills for Storm Defects
Notify the City of Mission Hills where high concentrations of flow and dye were seen
escaping from the storm sewer system indicating problems with the storm system.

8. Additional Investigations
Testing from this project identified numerous indirect I/ sources with the potential to
greatly limit the capacity of the sanitary sewer system during large storm events. Many
indirect connections will be eliminated with main sewer line repairs and manhole repairs.
Indirect connections were dyed-water tested when possible. Some locations were unable
to be tested due to traffic, lack of available water, or inability to plug the storm line.
Recommended additional testing is described below. Recommendations for additional
investigations are included in the table in Appendix C.

a. Dyed-Water Test with Traffic Control
Two catch basins located near State Line road will require additional assistance for
traffic control to be able to complete dyed-water testing.

b. Dyed-Water Test using Additional Water Source
Several catch basins that tested positive during smoke testing were located too far
from usable fire hydrants to dyed-water test. A larger source of water or access to
fire hydrants located on the Missouri side of State Line Road is necessary to complete
the dyed-water test.

¢. Dyed-Water Test with Concurrent TV
Numerous mainline sources need to be tested with concurrent television inspection to
determine if I/l is coming from direct connections, leaking service laterals or from
main line defects. Once the source has been located, effective rehabilitation or repair
methods can be recommended to address the problem.

d. Post Rehabilitation Smoke Testing
Some inflow sources identified during smoke testing can not be located thru dyed-
water testing. The lines associated with these sources are recommended for smoke
testing after rehabilitation has been complete to verify that all inflow sources have
been removed.
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CHAPTER 3 CONCLUSIONS AND RECOMMENDATIONS

Table 9 - Recommended System Plan

Estimated Estimated
Unit Construction Capital
Source Units Quantity Cost Costs Costs @
Additional Investigations
Additional Television Inspection Feet 940 $2 - $1,880
Additional Manhole Inspection ® Each 4 $100 - $400
Dyed-Water Test ¥ Each 7 $500 - $3,500
Post-Rehabilitation Smoke Testing ® Feet 843 $2 -—- $1,686
$7,466
Private Sources for Disconnection
Area Drain Each 1 $2,000 $2,000 $2,800
Driveway Drain Each 2 $2,000 $4,000 $5,600
Stairwell Drain Each 1 $5,000 $5,000 $7,000
Downspout Each 2 $500 $1,000 $1,400
Service Laterals Each 8 $4,000 $32,000 $44,800
Sump Pump Connection Each 3 $1,500 $4,500 $6,300
Service Lateral (in storm ditch) Each 1 $4,000 $4,000 $5,600
$52,500 $73,500
Public Repairs
Manhole Rehabilitation Each 29 $2,355 $68,300 $95,620
Main Sewer Rehabilitation Feet 4,795 $58 $276,118 $386,565
Catch Basin (Area Drain) Each 1 $2,000 $2,000 $2,800
Disconnect Abandoned Segments Cubic Yard 5 $95 $475 $665
Disconnect Abandoned Manholes Each 2 $500 $1,000 $1,400
$347,893 $487,050
Totals $400,393 $568,016
Notes:

(1) One additional driveway drain was positve, but was redirected to new sump with external discharge on 1/28/05.
(2) Capital Cost includes 40% of contingency, engineering, legal, and administrative costs for construction
type items.
(3) No current inspection due to buried or previously not found.
(4) Dyed-water test requiring extensive traffic control, major water source and/or concurrent sewer televising.
(5) To verify if CIPP was effective in eliminating I/I sources.
(6) Service connections may require replacement based on additional dyed-water testing.
(7) Cost for flowable fill for abandoned pipes.
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PUBLIC INFLOW SOURCE FOR REMOVAL

Line Segment and Location
The line segment 1-1 to 1-2 is located on State Line Rd running north towards Mission Dr.

Smoke Testing Results

Heavy smoke was observed coming from an area drain located at the back of curb on the east side of
State Line Rd.

Dyed-Water Flooding Results
Dyed-water poured into the area drain and dye was observed entering through the east incoming line at
manhole 1-1, apparently a storm line. The storm line is directly connected to manhole 1-1.

Recommendations
It is recommended that the storm line be removed from manhole 1-1 and re-routed to the storm sewer.
Another option may be to remove the area drain since it drains a small area.

George Butler Associates, Inc.
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SMOKE TEST FORM

Client name:

1. UPSTREAM MANHOLE: / ’/

JCW — Mission Hills

Project No. 10496

DOWNSTREAM MANHOLE:

/-2

TN

2. DATE: 9 / / 0 INSPECTION CREW: % é’éé é gg RESULTE{ POSZSUS / NEG/ CANNOT TES

OBS# SOURCE ADDRESS/LOCATION (ALL POSITIVE AND SUSPECT)

RESULT|STATUS

ISOURCE]|
TYPE

SMOKE

AREA RUN

I OFF

AREA DPAIN L. SIDE oF STra L)E.

] | Z

b

2 /¢ |zo0l |

v ROLY
YN PHOTO#

Y 1940

=T

© |® |IN O |0 e jw N |

-
o

1. POSITIVE

2. SUSPECT

3. NEGATIVE

4. CANNOT TEST

[RESOLTCODES |

STATUS CODES

1. PRIVATE
2. PUBLIC

SQURCE TYPE CODES
SERVICE LATERALS
TRANSITION JOINT
DRIVEWAY DRAIN
WINDOW WELL DRAIN
STAIRWELL DRAIN
AREA DRAIN
DOWNSPOUT
DOWNSPOUT CONNECT.
. FOUNDATION DRAIN
10. BUILDING INSIDE

11. CATCH BASIN

12. STORMDITCH

13. STORM MANHOLE

14. MAIN SEWER

15. UPSTREAM MANHOLE
16. CLEANOUT

17.  CRAWL SPACE

18. OTHER

SMOKE CODES
1. LIGHT
2. MEDIUM

@NOOAEON

©

3. HEAVY

RUNOFF CODES
0% PAVED
25% PAVED
50% PAVED
75% PAVED
100% PAVED

Or LN

Lo

3:»«17 ANLS

Aeea

H/s

#ito
AN

comvents__ POSSIBLE DieecT ColNecT W! sﬁﬁﬁ‘rﬁ-@“{ 51%)%&
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Appendix C
Public Smoke and Dyed-Water Testing Summary for
Storm System Connections Recommended for Additional Investigations
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Appendix C
Public Smoke and Dyed-Water Testing Summary for Storm System
Connections Recommended for Additional Investigations

-
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Line Segment and Location
The line segment 14-3 to 18-5 is located along Brookwood Rd. flowing to the southwest to
Mission Dr.

Smoke Testing Results

Smoke was identified leaking from a hole in the centerline of 4 foot by 6 foot stone ditch. The
ditch provides runoff for the upstream catch basins located at the intersection of Brookwood Rd
and State Line and runoff from Brookwood Rd.

Dyed-Water Flooding Results

Dyed-water flooding was performed utilizing a fire hydrant and two lengths of fire hose. A
steady flow of water was fed directly into the ditch. A steady drip from a dye bucket just
upstream of the defect colored the water. After approximately 20 minutes, a light concentration
of dye was observed at the downstream manhole 18-5 from the north incoming line. Although
only light dye was observed, the results of the dye test did not reflect actual wet weather
conditions. Higher amounts of I/I would be expected during a rainfall event when the ditch is
flowing full.

Television Inspection Results

The segment has roots at most joints towards the upstream end. There are two wye connections
located on the right side of the pipe in close proximity to where the smoke was observed.
Broken pipe was observed towards the downstream end.

Recommendations

It is recommended that this line be televised with concurrent dyed-water testing to identify the
specific source of inflow. This line is also recommended for CIPP after dyed-water testing.

George Butler Associates, Inc. Page 1



SMOKE TEST FORM

Client name: __JCW — Mission Hills Project No. 10496

1. UPSTREAMMANHOLE: _ / ‘/'3 DOWNSTREAM MANHOLE: /8-5

2. DATE: ? / / Z / o tf INSPECTION CREW: Ka[ Ig) 72 RESULTS:@SUSINEG/CANNOT TES

oBs# SOURCE ADDRESS/LOCATION (ALL POSITIVE AND SUSPECT) RESULT]STATUS [SOURCE| SMOKE AREA RUN | TV ROLL/

TYPE T OFF | YN PHOTO#
Skl @ SneM il Fuwlme | ) | ] 1212 1,0l |+ Y9278
Mot oD Fon GaTE FeoM MH J2-S| | | 2 /5] 2 [N 928

L4

© | N [ o s W N =

o

m |
1. POSITIVE
2. SUSPECT
3. NEGATIVE
4. CANNOT TEST

STATUS CODES
1. PRIVATE
2. PUBLIC

SQURCE TYPE CODES
SERVICE LATERALS
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Line Segment and Location
The line segment 14-2 to 14-3 is located on Brookwood Rd. northeast of Mission Dr.

Smoke Testing Results

This segment had numerous smoke defects including: light smoke from a catch basin
located in front of 2101 Brookwood Rd., and medium to heavy smoke from the main
sewer at stations 0+36- 0+69, 0+93- 1+12, 1+54- 1+75 and 1+93 measured from the
upstream manhole.

Television Inspection Results
Roots and broken pipe were seen throughout.

Recommendations

Segment is recommended for CIPP and then should be retested by smoke testing to verify that
the inflow sources have been removed.

George Butler Associates, Inc. Page 2
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Line Segment and Location
The line segment 9-8 to 9-7 is located on Brookwood Rd. southwest of Drury Ln.

Smoke Testing Results

Heavy smoke was observed coming from a catch basin located on Drury Ln. near the intersection
of Brookwood Rd. Heavy smoke was also observed at a storm manhole and adjacent storm lines
exiting into the storm ditch downstream of manhole 9-7. A catch basin located at the median just
upstream of manhole 9-7 was observed to have heavy smoke during smoke testing. The storm
line exiting this catch basin is connected to the storm line previously tested.

Dyed-Water Flooding Results

The two parallel storm lines that drain into the storm ditch were dyed-water flooded and the tests
were negative. The catch basin located on Drury Ln. was dyed-water flooded utilizing water
from a fire hydrant located on the opposite side of the street. The storm line located in the storm
manhole just downstream of manhole 9-7 was plugged. Heavy concentrations of dyed-water
were observed at manhole 9-7 from the northwest incoming line, the lower portion of the
manhole walls, and voids around the northwest incoming and southwest outgoing pipe seals.
The inflow coming from the northwest incoming pipe seal was estimated to be 30-40 gpm while
the inflow from the outgoing pipe seal was estimated to around 10 gpm. The dyed-water test of
the catch basin upstream of manhole 9-7 at the median was negative.

Television Inspection Results
This sanitary sewer line appears to be in above average condition. Observations include
numerous service connections and a few minor offsets.

Recommendations

It is recommended that line segment 9-8 to 9-7 be televised with concurrent dyed-water flooding
to locate the specific source of inflow. No rehabilitation is recommended for this line at this
time. Manhole 9-7 is recommended for rehabilitation of the wall and bench. Pipe seals should
also be addressed during construction. Also, it is recommended to contact the City of Mission
Hills to repair the storm line associated with the catch basin on Drury Ln.

George Butler Associates, Inc.
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Line Segment and Location
The line segment 6-10A to 6-11 is located on Pembroke Ln. running northwesterly towards W.
56" St.

Smoke Testing Results
Medium smoke was observed coming from the catch basin located in front of 5625 Pembroke
Ln.

Dyed-Water Flooding Results

The catch basin was dyed-water flooded utilizing the nearby fire hydrant and a steady drip from
a dye bucket located at the catch basin. The storm line exits the catch basin on Pembroke Ln.,
crosses over the sanitary sewer, and discharges at a nearby storm ditch. The storm line was
plugged at the discharge but the dyed-water was only partially restricted because the storm line is
out of round. This section of storm sewer has been previously rehabilitated by lining it with a
PVC pipe. There is a void between the existing concrete pipe and the new PVC liner. It is
thought that the smoke migrated through this void as it exited from the sanitary sewer. The dye
test was negative with a minimal amount of dyed-water backed up into the storm line.

Television Inspection Results
There are several observations of roots throughout this segment.

Recommendations
This segment is recommended for CIPP. No additional testing is recommended.

George Butler Associates, Inc.
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Line Segment and Location
The line segment 6-22 to 6-10 (with LH 6-21 mapped between) is located near State Line
running northwest towards Pembroke Ln.

Smoke Testing Results

Smoke was observed coming from the 3’ culvert flowing to the northeast. Smoke was also
observed coming from the 24” storm discharge into the storm ditch just downstream of the box
culvert. This storm line flows from a catch basin located in front of 5740 State Line Rd.

Dyed-Water Flooding Results

The 24” storm line was plugged at the discharge to the storm ditch. The catch basin was flooded
utilizing the dyed-water trailer. There was no access to a fire hydrant for a more significant
water source for this location. A light trace of dye was observed at manhole 6-10. The storm
culvert was inaccessible for dye testing as a result of standing water in the culvert.

Television Inspection Results
Roots were observed at most joints as well as a few segments with horizontal cracks.

Recommendations

Segment is recommended for CIPP and then should be retested by smoke testing to verify that
the inflow sources have been removed.

George Butler Associates, Inc. Page 5
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Line Segment and Location
The original line segment 1-14 to 3-4 is located on 55" St. at High Dr, running to the northwest
towards Mission Dr.

Smoke Testing Results
Light smoke was observed coming from the catch basin on the south side of 55 St.

Dyed-Water Flooding Results

The dyed-water trailer was utilized to flood the storm line exiting the catch basin to the
northwest to a storm manhole on 55" St. A plug was installed in the storm line at the storm
manhole. A light concentration of dye was observed at manhole 3-3. The manhole 3-2 is
inaccessible. It appears that a rock wall has been built to hide the manhole. The line segment 1-
14 to 3-2 has been rerouted with a new PVC pipe, around manhole 3-2 and 3-3 then ties into
manhole 3-4. There is no evidence of sewage flowing through manhole 3-3 but it did smoke and
is still connected to manhole 3-14 and is a source of I/1.

Recommendations

Additional testing is recommended to determine if any service connections along the original
segments 1-14 to 3-2 to 3-3 to 3-4 are still active. If no active services still exist, it is
recommended to disconnect the line from 3-14 to eliminate the source of inflow and abandoned
manholes 3-2 and 3-3. If active services are found to exist along the original lines, then the pipe
sections listed above for additional investigations and their corresponding manholes will need to
be inspected and necessary repairs made.

George Butler Associates, Inc.
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Line Segment and Location
The line segment 2-1 to 2-2 is located along State Line Rd running to the southwest towards W.
56™ St.

Smoke Testing Results

Heavy smoke was observed coming from a catch basin on the northwest side of State Line at W.

560 St.

Dyed-Water Flooding Results

The dyed-water trailer was utilized to flood the storm line running to the southwest towards W.
56™ St. The storm line crosses the sanitary sewer and has to be indirectly connected since there
are no services along the line. There was no structure available to plug the storm line
downstream of the catch basin. Heavy concentrations of dyed-water were observed entering
from the northeast incoming line at manhole 2-2.

Television Inspection Results
This is a short segment with no service connections seen from television inspection. This line is
recommended for CIPP for roots and broken pipe.

Recommendations

It is recommended that this line segment be televised with concurrent dyed-water flooding to
determine the specific location of the inflow source.

George Butler Associates, Inc.
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Line Segment and Location
The line segment 2-3 to 2-4 is located on W. 56™ St. running easterly towards E. Mission Dr.

Smoke Testing Results
Medium smoke was observed at the surface along the main sewer from 1 +13 to 1+30’
measured from downstream manhole 2-4.

Dyed-Water Flooding Results
The dyed-water trailer was utilized to flood the main sewer area. Heavy concentrations of dye
were observed entering manhole 2-4 through the west incoming line.

Television Inspection Results
This line had many areas of broken pipe, minor to moderate offsets, a severe sag, and a moderate
offset where a point repair has begun to settle.

Recommendations

This line is recommended for replacement due to multiple defects that can not be fixed by CIPP.
Although the inflow source may be removed by replacing the line, there is also a chance the
source is coming from one of the service laterals. It is recommended that this line segment be
televised with concurrent dyed-water flooding to determine the specific location of the source of
inflow prior to replacement.

George Butler Associates, Inc. Page 8



SMOKE TEST FORM

Client name: __JCW — Mission Hills

A

1. UPSTREAM MANHOLE:

10496

—

Project No.

2-2

DOWNSTREAM MANHOLE: _ 2 = 4

9.4

2. DATE:

/0':/’

wspecTion crew: RC[RE [ TR

US / NEG/ CANNOT TES

OBS#

SOURCE ADDRESS/LOCATION (ALL POSITIVE AND SUSPECT)

RESULT

RUN
OFF

ROLY
PHOTO#

sLo0 BLE

b [

9087 .

C wsGST D

5‘600 60‘./\

9058

mMAN_LIWE

~<I|Z x5z

© | [N jO ;> W N

10

POSITIVE
SUSPECT
NEGATIVE

4. CANNOT TEST

1.
2
3.

STATUS CODES
1. PRIVATE
2. _PUBLIC

# gpgs

SOURCE TYPE CODES
SERVICE LATERALS
TRANSITION JOINT
DRIVEWAY DRAIN
WINDOW WELL DRAIN
STAIRWELL DRAIN
AREA DRAIN
DOWNSPOUT
DOWNSPOUT CONNECT.
FOUNDATION DRAIN
BUILDING INSIDE

. CATCH BASIN

STORM DITCH
STORM MANHOLE
MAIN SEWER
UPSTREAM MANHOLE
CLEANOUT

CRAWL SPACE
OTHER

SMOKE CODES
1. LIGHT
2. MEDIUM

DONOOLE LN

3.  HEAVY

RUNOFF CODES
0% PAVED

25% PAVED
50% PAVED

75% PAVED
100% PAVED

Nh N S

Wa AT 'S
3=t 30

At /L CVE
/s

"

o

]

.St ST

fg b&/

1

-

COMMENTS,

/D\F Tt 0 -IR-oy wafL /féqpywx LA /-"’673)4\

,L\ Koy 3 P rtige Fhato Q207

PAGE OF

© George Butler Associates, Inc.



—

—

Line Segment and Location
Line Segment 17-1 to 17-2 is located along State Line Rd. running south to W. 63™ St.

Smoke Testing Results
Heavy smoke was observed coming from three (3) catch basins on the Missouri Side of State
Line Rd. at W. 63" St.

Dyed-Water Flooding Results
No dyed-water testing was done because of inaccessibility to a fire hydrant on the west side of
State Line Rd and heavy traffic along 63™ Street.

Television Inspection Results

The pipe had multiple observations of broken pipe and a few observations of roots, including the
joint where the camera was blocked. So far, the condition of the pipe makes it a good candidate
for CIPP. A complete television inspection and access to the upstream manhole will be required
to complete a CIPP repair.

Recommendations

This segment is recommended for dyed-water testing using the KCMO fire hydrant or other
substantial water source along with traffic control along 63™ Street. Also, television inspection
past the root blockage will be necessary for final design.

George Butler Associates, Inc.
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Line Segment and Location
The line segment 17-3 to 17-4 is located on W. 63™ St. running easterly towards Mission Dr.

Smoke Testing Results
Heavy smoke was observed coming from the storm manhole located next to manhole
17-4.

Dyed-Water Flooding Results
No dyed-water testing was done because of inaccessibility to a fire hydrant on the west side of
State Line Rd.

Television Inspection Results
Some broken pipe and minor offsets were observed. The line is recommended for CIPP.

Manhole Inspection Results
According to the manhole inspection completed by The Larkin Group, manhole 17-4 had frame
seal, cone, bench, and trough defects.

Recommendations

This segment is recommended for dyed-water testing using the KCMO fire hydrant or other
substantial water source.

George Butler Associates, Inc.
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Line Segment and Location
The line segment 17-4 to 17-5 is located on W. 63™ St. running west to Mission Dr.

Smoke Testing Results
Medium smoke was observed coming from the catch basin located on the north side of W. 63™
Street just east of Mission Dr.

Dyed-Water Flooding Results

The catch basin was flooded utilizing a nearby fire hydrant. A plug was installed at the storm
line outlet to the creek. Due to leaks in and around the storm line, water was not backed up in
the storm line to the point where it crosses the sanitary sewer. No dye was observed at the
downstream manhole as a result of free flowing dyed-water through the storm line. Since a
significant source of water was available and the dye result was negative, no further dye testing
is recommended.

Television Inspection Results

This pipe appears to be in good condition. The only defect observed was a light root at one joint.

Recommendations
No further recommendations at this time.
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Line Segment and Location
The line segment 27-5 to 27-4 is located on Tomahawk Rd. running west towards Mission Dr.

Smoke Testing Results

Heavy smoke was observed coming from a catch basin on the southeast Tomahawk Rd @ State
Line Rd. Heavy smoke was also observed coming from a storm manhole west of State Line Rd.
along Tomahawk Rd.

Dyed-Water Flooding Results
No dyed-water testing was done because of inaccessibility to a fire hydrant on the west side of
State Line Rd and heavy traffic along Tomahawk Road.

Television Inspection Results

This segment is listed as a 12” diameter line, which may explain the dark footage. The only
defect requiring repair was a horizontal crack, but CIPP is preferred since other moderate defects
may exist which were not visible due to the dark footage.

Additional Investigations

This segment is recommended for dyed-water testing using the KCMO fire hydrant or other
substantial water source along with traffic control on Tomahawk Road. The segment is
recommended for CIPP after dyed-water testing.
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